ABSTRACT A national study of British asbestos workers is briefly described and the mortality experience of 31 150 male asbestos workers in England and Wales who had been medically examined at least once as part of that survey is presented. The survey population is divided into workers with occupational exposure to asbestos before the inception of the 1969 Asbestos Regulations and those who worked with asbestos only after 1969. Of the 1128 who had died, 897 had worked before 1969; 34 of the death certificates received for these men mentioned mesothelioma and for another nine asbestosis was reported in the absence of mesothelioma or lung cancer. A statistically significant excess of lung cancer (SMR 136) was found. For the post-1969 workers, one case of asbestosis and one case of mesothelioma were reported, but further investigation of these cases showed probable occupational exposure to asbestos many years before 1969. The time from first exposure for this section of the population is too short to exclude an excess of asbestos related disease. The most noticeable excess of asbestos related disease was seen among the insulation workers who had more than twice (SMR 256) the expected number of deaths from lung cancer, and for whom almost 10% of all death certificates mentioned mesothelioma. No excess of any alimentary tract cancer was found and the population showed a significant deficit of large bowel cancer mortality (SMR 54).
In parallel with the introduction of the 1969 Asbestos
Regulations' a national survey of asbestos workers was set up as the preferred alternative to statutory medical surveillance. In this paper we describe the survey as it relates to the collection of data for mortality analysis and the results of that analysis for male workers in England and Wales up to and including 31 December 1981.
Methods

POPULATION
The population was defined as everyone employed in a factory or workplace which attracted the 1969 Asbestos Regulations. The nominal roll was compiled from those individuals employed in each workplace at the start of recruitment to the survey plus those workers who subsequently started work in that workplace. Recruitment was supervised by medical officers who were also responsible for the collection of medical information on the study population. For larger workplaces supervision was generally carried out by the works medical officer (WMO) who reAccepted 23 July 1985 cruited workers into the survey once they started to work with asbestos. Where a WMO was not in post, individuals were recruited into the survey by employment medical advisers who visited companies at roughly two yearly intervals. INFORMATION RECORDED Workers in the survey were seen at two yearly intervals for medical examination and completion of a questionnaire giving details of identification, smoking habit, occupational history, and duration of exposure to asbestos. This procedure continued for as long as the worker remained in that particular employment. Identification details on each individual were sent to the NHS Central Register (NHSCR) where the subject's register entry was traced and "flagged." When any survey subject dies the Office of Population Censuses and Surveys (OPCS) sends survey control a copy of the death certificate with the underlying cause coded to the International Classification of Diseases (ICD) revision in use at the time of death registration.
The occupational hygiene section of Her Majesty's Factory Inspectorate carried out a programme of measurement of exposure levels in many of the workplaces covered by the survey. Since the asbestos To present a more coherent picture of asbestos related disease (ARD) some ICD codes were modified. All death certificates with a mention of mesothelioma have been given a special code and treated as deaths with an underlying cause "mesothelioma." The interpretation of the mention of asbestosis on death certificates is difficult because of the loose way in which the term seems sometimes to be used (particularly by coroners). Thus where it is considered that a person has died from carcinoma of the bronchus or from mesothelioma caused by asbestos, the word "asbestosis" may be put on the death certificate to indicate the link between exposure to asbestos and death, rather than the existence of fibrosing alveolitis. periods, 1970-4, 1975-8, 1979-81 Table I shows the status of these subjects in respect of tracing at NHSCR and of their acceptance of medical surveillance. The trace rate for examined men was 98-5%, whereas for men who declined to be examined the rate was only 82%. This difference arises because the identification details available for men declining to be examined were in general less complete than for examined men. Also, information on date of first exposure to asbestos was unknown for most unexamined workers. For both these reasons, unexamined workers were excluded from the present analysis, which is based on the records of the 31 150 traced and examined men. Table 2 shows the mortality analysis for the ICD groupings chosen as being of first order interest. The population has been split into those who work with asbestos only after the 1969 regulations and those who had worked both before and after the introduction of the 1969 legislation. Both subsets of the population show an overall deficit of mortality largely due to the decreased mortality from circulatory and respiratory disorders which is consistent with a "healthy worker effect."3 There is a pronounced excess of lung cancer among the pre-regulations men that is statistically significant at the 1% level. There is a small nonsignificant increase in lung cancer in men working only after the 1969 regulations. The total population has a deficit of cancer of the large bowel. This is largely due to the shortfall in deaths from cancer of the colon among the pre-regulations population which reaches statistical significance at the 1% level. Table 3 shows mortality from cancers of the ali-of latency considerations the finding of one case of mentary tract in the pre-regulations population by asbestosis and one case of mesothelioma in the postcumulative exposure. The deficit of cancer of the co-regulations group was surprising. These two cases Ion is equally pronounced in each exposure category. were therefore looked at in greater detail. The SMRs for oesophageal and rectal cancer show
The man who had had asbestosis recorded on his slight upward trends with increasing exposure, but death certificate died in 1980 at the age of 58. He had these are far from statistically significant, and the been entered into the survey in 1975 and his date of overall SMRs are well below 100. Mortality from first exposure to asbestos recorded as March 1972. stomach cancer decreases with increasing exposure to Inspection of the previous occupational history asbestos, though again the trend is not statistically showed that the man had worked as a carpenter in significant.
dockyard towns since 1932, had been a carpenter with Eleven of the 12 death certificates mentioning as-the Royal Navy for six years, and had worked for a bestosis in the absence of mesothelioma or lung cancer shipbuilding company since 1956. Probably, therewere in the preregulations population, where they fore, the man had been exposed to asbestos at times comprised just over 1% of all death certificates. Thirty over his long career as a shipyard carpenter, perhaps four of the 35 certificates mentioning mesothelioma without being aware of this fact. came from the pre-regulations population where they
The man dying from mesothelioma reported a first accounted for almost 4% of all certificates. The du-date of exposure to asbestos in 1971 but his detailed ration of follow up of any individual in the post-occupational history showed that he had worked in regulations population from the date of first exposure ship repairing and fitting out from 1942 until 1959. It cannot by definition be in excess of 12 years. Because was considered therefore that he probably received occupational exposure to asbestos for a substantial period before 1969. This view had also been taken by the Pneumoconiosis Medical Panel when awarding the man disablement benefit. The indices of mortality for the three main asbestos related diseases, broken down by industry sector and, for lung cancer, by cumulative exposure are shown in tables 4 and 5 and figs 1 and 2. Two of the 10 industry sectors defined within the survey cover very small numbers of people and are not included in these figures.
The breakdown by cumulative exposure is into two categories: under 10 years and over 10 years. Deaths are assigned to exposure categories in the obvious way, according to the category occupied by the decedent on the date of death. The associated expected numbers are calculated by splitting the person-years contributed by each survey subject at the point where the subject achieves 10 years exposure to asbestos and summing the under 10 years and over 10 years contributions separately. The fact that the longest possible exposure achievable by a survey subject first exposed after the 1969 Regulations is 11 years, means that the over 10 years figures relate almost exclusively (99% of the expected deaths) to the preregulations exposed group. The relation of the under 10 years exposure figures with the postregulations group is less exclusive but still strong; two of the three expected deaths in this group arise from the postregulations group. For lung cancer the mortality index shown is the SMR. For mesothelioma and asbestosis, the numbers of deaths are expressed as a percentage of total expected deaths in each group. The bars on the figures represent the 95% confidence intervals.
The figures for deaths involving asbestosis other than in conjunction with mesothelioma are shown in table 5. They include 29 deaths with an underlying cause of lung cancer and the 12 deaths counted as due to asbestosis in the mortality analysis of the data in table 3. The outstanding feature of these figures is the high level of asbestos related disease in the insulation sector, which is the only sector in which, on the small number of observations so far to hand, all measures of ARD reach formal statistical significance (43 observed/16 8 expected for lung cancer). In all sectors except the maintenance "sector" and the construction sector, the lung cancer SMR is higher in the more than 10 years cumulative exposure category. Asbestosis or mesothelioma or both, is recorded in every sector. Figure 3 shows the smoking prevalence recorded for people entering the asbestos survey compared with that found in the General Household Survey. The smoking habits of subjects in the asbestos survey tend to be heavier (by about 10 percentage points) than , -
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The first of these conclusions is consistent with se t. cF 0 other published epidemiological evidence,4-6 in which insulation workers have been seen to have con-,xplicit asbestos related disease on death sistently high levels of mortality from asbestos related Fs as percentage of total expected deaths, by disease with, typically, one in ten deaths due to mesosector with 95% confidence limits of observed thelioma, and about twice as many excess lung cancers ,es.
as observed mesotheliomas. 
